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CORRELATION OF S0LAR AND GEOMAGNETIC OBSERVATIONS
WITH CONDITIONS OF THE IONOSPHERE

{Under Contract Nn. OEMer-5i4)
Abstract

Project No, C-53 for the study of correlation of solar and geomagnetic obeervations with con-
ditions of the ionosphere wes continued during July, 1842, through June, 1043, et the Department of
Terrestrial Magnetism, Carongle Institution of Washington, with the cooperation of American-
opereted golar, magnetic, and lonospberle ohservatorles, The cosmic datu thus assembled were
analyzed (1) tu increase the understanding of solar, geomagmetic, and 1 ipheric relationships
and {2) to improve the technlque of shori-term torecutlng of lonosphulc disturbancen,

Electron-density in the lonospheric regions affecting lgng-diatance radio communicatlon has
continued to diminlah as the minimum of the 11-yesr cycie of activity spproaches. Same magnetic
and lgnospheric disturbances occurred, and the lsolatien of @elar regions responsible for terrea-
trial disturbances was simplified by the reduCed solar activlty. Solar corona of high intenslty, and
observed activity in flaccull on the disk were found apparently the most promising erlteria for
anticipation of magnetic disturbances, The beginning of the new sunspot-cycle {ndicates an early
In¢crease of eolar, magnetic, and lonospheric activity. lonospharic abserption, sporadic E-region
Ionizatlon, aurora, and magnetic bays and character-figures were found to be related in falrly
definite ways, is mont cases approximating dirsct proportionality. Methods of obtaining accurate
risual records of magnetic phenomena were developed and one visually recording instrumest wea
conatructed.

Useful operational materlal regarding Ionospheric dlsturbances affecting radlo circults were
supplied to the Army and Navy, both directiy and subsequently through the Interservice Wave
Propagatioa Laborntory of the Joint Communications Board, The project is being continued by the
Carnegis Institution of Waahington under a non-profit contract directly with the armed forees.

Introduction

The projeet for “‘Correlatiou of solar and geomagnetic phenomens with conditions of the
{onosphere’ was Initiated on July 1, 1942, at the Departmest of Terrestria] Magnetism, Carongle
Inatitution of Washington. A genenl relationship hetween solar activity and various terrestrial
phenomena affecting radio communlcatinon has been recognixed for a number of years, but the
technique of identifying the connections was sot completely satisfactory. This project, thes, was
(1) to erganiee the reporting of solar, magnetic, lonoepharic, and related dala, {2) to 2nalyzs the
meterial, and (3) to develop methods or relationships of immediate mllitery value,

Organization of program

Weekly reports of magnetic activity (three-hour characier-figures} were recelved from the
stations of the Usited States Const and Geodetic Survey at Cheltenham (Maryland), Tucsas (Arl-
gonn), Bitka (Alasks), Honoluly (Hawaii), and San Juan (Puerto Rico), and from the magnetic ob-
servitories of the Oepartmest of Terreatrlal Magnetism of the Caraegle Inatitution of Washington
2t Watheroo (Western Anstralia), Huanceyo (Peru), and College (Alaska). Oally and special re-
porta of magnetic actirity were furalshed by the Cheltenham Magnetic Observatury.

louospharle records and symmaries, obtained with multifrequency equipment at the three ob-
servutories of the Department of Terreetrial Magnetism, were avatiable each month, Ratings of
commercial conditions of radie comtmunlcation were furaiehed at intervals by the Beli Telephone
Laboratories and by RCA Communicatione. lonospberic data and disturbance-ratings prepared by
the Interservice Wave Propagation Laboratory at the National Buresu of Standards were obtained
regularly.
5.




Solar observations inctuded: (1) Drawings of sunspots and observations of thelr polarities
from the Mount Wtison Observatory; (2} sunspot-date and eopies of dally photographs from the
United Stales Navul Observatory; (3) drawings of calgium floccull and preminencee with estimaies
of activity 1rom the McMath-Hulbert Qbservainry; (4) observations of solar corona and proml-
nences from the Climax (Colorado) station of the Harvard College Obeervatory; and (5) spectira-
helloscople reporin from the Whitin Observatory, Wetiealey Cotlege. (Views of the firat four ob-
servatorles are glven in Flgures 1 to 4,) in the twelve-month perlod, observatione were made at
tha full-time conperating solar observatories as fotlows: McMath-Hulbert, 248 days; Cllmax, 216
days; Mount Wilson, 335 days; apd Unlted States Naval, 273 days.

Weekly and specia] lorscasts of lonoapheric conditlons were prepared and dlstributed by thla
office to the Armed Services until October, 1942, and gince then by the Interaservice Radio Propagn-
tion Laboratory of the Joint Communications Board with the aid of data and analyses of thi= project.

Results of investigations

Magnstic activity--The course of magnetic activity during the report-year ls shown in Figure
B, which 18 arranged to show recurrence-tendencias of disturbed and qutet perlods. The American
magnetic character-ligure s used, being the average character of magnetic records obtained at
msch of elght American-operated magnetic observatories (Cheltenham, Tucson, Sltka, Honolula,
8an Juan, Watheroo, Huancayo, acd College). The tendency for magnetie disturbances in recur at
intervals of about 27 days wan very pronounced with the smaller storms during thls period of min-
imum solar activity. One storm-sequence aterted on July 14-16 and reached lte maximum on
October 26-31 with the severest atorm of the report-year, It later dlvided into two disturbances
spaced severul daya apart and was traced Into March, 1943, The disturbed period, Auguet 18-27,
recurred in September and again in October. Ancther disturbed perlod, ceotered about April 3, re-
peated itself in tha swcceeding three cycles,

During the year there was a high percentage of disturbed days, but no really large storms.
The previous twelve-month perled had three storms of greater intenslty then the one of October
26, 12, but there were 14 per cent more daye appreclably disturbed in 1942-43 than in 1941-42,
Thae, rather than severe magnetic atormes with their speciacular eflects, the past year waa char-
acterized by mild disturbances during a relatively high pereentage of the time.

Geomagnetic and solar chpervations--A general comparison of geomagnetic and salar phe-

nomena during July 1, 1943, to June 30, 1943, 18 given in Flgure 6. Discusslons of some of the ob-
servitions are given elsewhere in thls report. [lustrated are; (1) Ameriean magnetic character-
figure, Cy; (2) relative sunspot-number, R; (3) area, 8, of sunspois in the eentral zone; (4) area,
F, of ftocculf in the centrul zone; (5) average intal area, P, of prominences referred to central
meridian of date; (8) average intenslty, C, of the green coronal line referred to the central merid-
lan; and (7} tranaminalon-disturbance ligures, TD. Althougb the selar date are not homogerneoua
because of ditferences in observing condltions, each curva ts reasonably conslstent within ltself,
The graphs are simtiar at many times but differ conapicuously in detail,

The popular bellef that magnetic and lonospberic storms may be ‘‘blamed’’ on the sunspots
Is, of course, entirely wrong. Dlgturbances have been associated with various typse of solar ac-
tivity but no single method has yet been developed which will conslstentiy account for inrrestrial
disturbances. However, there is adequate evidence to Conflrm the theory thet all such distur-
hancee originate at the Sun and that the radlation does not travel with the speed of light. Mzny in-
stances of nearly simultansous humps in most of the curves are evident, the best being at sbout
November 2, 1941, Others are August 23, September 18, November 26, December 26, 1942;
March 23, Aprti 6, April 21, and May 17, 1643. There sre, however, a3 many more cases where
magnetic disturbancea had no obvious sglar cauge shown in the diagram, and csses where solar
activity had no magnetic countarpart. Special cherecteristics of the several types of solar ob-
servations are examined in following sections.

Magnetic activity at meridiap passage of large sunspots--1t has been shown by & statistiexl
analydis of solsr and magnetic dats extending over many years that large magnetic disturbances
tend to occur one day aftar the meridian passaga of targe sunspote, During the report-period
there were no large magnetic atorme but severzl large sunspots. An inspection of the magnetic
Retivity at time of meridian passage of the targe sunspots shows that the inndency was not oper-
ative in this interval.

The two days pelore and four days after the meridian passage of & sunspot, seven days in al),
were assoctated with the meridian pasaage of the spot. For ths flve spots with maxlmum area

-

greater than 700 mlllionths of the Sun’s visible hemlsphere, the average magnetic character-flgure
of these dauys was 20 per cent less than the sverage character-figure of all days In the year. Fur-
thermore, 20 per cent fewer slightly disturbed day= and 40 per cent fewer moderately disturbed
days were inctuded in the selection than would be expected by the average lrequency of oceurrsnce
of these classes of days. The average character-figure at the merldian passsge of eleven slightly
amatler spots, with maximum area more than 500 bul leas than 700 millionihs, was the same as
that of all days. Slightly disturbed days were ten per cent more frequent and moderately diaturbed
days 20 per cent less [requent In thls Selection than the average occurrence-frequency of such
days in the whole year. Clearly magretic activity and the meridian passage of targe sunspota did
nof correlate in thls period.

For the poaltion of sunspofa at the time of manimum of the nine largest dinturbances of the
perlod, on the other hand, It is found that In four cases there were apote of area greater than 300
milllonths on the lace of the Sun, but in each instance more than three daya from the central me-
ridian. in seven cases there was a spot, sometimes vanishingly small, within {wo days of the me-
ridian. Thus during the 12-month perlod the magnetically disturbed days did not correspond
preferentlaily with the meridlan passage of targe sunspots. Earlier conciusions, thet slze of gpot
alone is not a souod basis for predicting magnetic activity, are therefore confirmed.

ess of sotar-getivity cycle and beginn new gunspot-cycte--Magnetic activity and
properties of the ionosphere paralle] roughly the 11-year sclar-activity ¢ycle, The last minimum
in that eycle cocurred in 1633 and another minimum 1s due between 1843 and 1845, 1t is of con~
siderable practieal value to the lield of communlcations in foreteit the minimum and hence the
tims whep an inctease in Solar and geomagnetic activity may be expected. Progress of the
activity-cycle is shown in Figure 7, where hall-yearly averages of sunspot-tumbers are comparsd
with the magnetic Index u (smoothed), and with average manlmum critical Irequency of the Fy-layar
(08", 75° west meridian time) at Huancayo. The parallellsm of the curves for erlticsl frequency,
which ts praportional to the aquare-root of eloctron-density, and sunspot-number 18 much closer
than that of either lactor with the msgnstic-index curve, This suggests the preference of iono-
spheric measurements aa direct indicators of terreatrtal eflects of sunspot-activity. It Is evident
that magnetic actlvity hes declined leas rapidly and regularly than might be expected from the
treod of solar actlvity, The recent solar and magnetic data are not exactiy comparable to the
earlier years, because of restrictions on international exchange of data caussd by the war, but the
trend of the activity-cycle ls continuous and shawa that the time of minimum activity ia spproach-

Ing

The trough of solar activlty ls usually defined by the minimum of Zurich relative sunspot-
numbers. The average mimber at minimum in past cycle= has been four, and has never been more-
than ten. For 1842 the average number was 30, and o far in 1643 it is approximately 22. Over 13
gycles mlnlmum agtlvlty lollowed the preceding maximum ty 6.7 years and the preceding minimum
by 11.5 years, although hoth were subject in large deviations, About six years have paseed since
the lapt maximum and tsn since the last minimum. These slgns all point in 3 timé of minimum
sunspot-activity one or two years in the future.

The beginning of 2 new sunspot-cycte occura with the appearance of spots in high hellographic
latitudes, which may be distinguiahed from sunspota of the old eyela by tha reversal of magnetic
polarities, The new cycle usuatly appears within six months of the minimum of solar activity and
after spots of the old cycle have become infrasquent. On May 16, 1343, 2 bipolar spot broke out in
40" south Iatitude and gbeervationa of polaritiea by the Mount Wilson Observatory established it
as the first apot of the new cycle, Figure 6, taken at the Unlted Btates Naval Qbservainry on May
17, 1848, shows thls new spot near the gouthweat limb and alao a apot of the old cycle near the
eentral meridian, Several other smati spots belonging to the new c¥cle heve subsequently bsen
observed.

The remarkable feature of thla event is that It occurred when there were still many actlve
low-latitude spota. in 1933, when the first spot of the diminishing cycle appeared, no spots were
obsorved op the Sun on 234 days during the year. In the report-ysar, however, there were oniy 17
spotleas days. Commencement of the néw cycle at thls time puggests thet there may be 2 larger
overlapping of the two cycles than usual. As a consequence, the minimum of solar activity may
not be ax low as ugual and the geomagnetic activity in the next few years may become more pro-

nounced.

Magetic disturbances assogtated with activity on disk.-Obeervations made at the McMath-

Hulbert Observainry include an estimation of the activity of lloccular groups based chiefly on ob-
served short-period structural changes, Geomagnetic dlaturbance sveragea greater than normal




when floccular activity is reported, ¢specinlly in 2 region near the central meridian. As the Sun
18 not under continual observation, the record of active floccular reglona 1a not ecmplete, It fa
significant, however, that ohservation of solar activity of thls kind eoincides so often with mag-
netle disturbance.

Ninety-two ¢cases of floccular setivity were reported and may be dlvided Into three classes ac-
cording to position on the Sun. These are: {f) The central zone, -2€° to +2€° meridlan distance;
{2) the zone eaa\ of the central 2one; and (3} the gone west of the eentra} vons. Average magnelic
cberacter-figure and the occurrence-frequency of moderately disturbed days were computed for
days on which actlvity was reported and the {lrst day following. The ratio of these to the mean of
the whole year shows the tendeney toward disturbance on days when solar netivity of this sort waa
observed as follows:

Zone Eaat Central West
Daya after activity 0 f 0 f [1] 1
Magnetic ¢huracter (normal = 1.0) L3 1.2 1.3 1.0 f.2 0.9
Oeccurren¢e-frequency of moderately disturbed days

{ncrmai = £.0) 1.4 1.4 1.6 1.0 .4 0.€

1t 18 evldent that days on which floccular activity occurred were considerably more disturbed
than the average, especially In the central zone. Since thd day folinwing the reported activity is
relatively less diaturbed, it may be inferred that the distyrbing agency does not outifve the floccular
actlvity by as much as a day and that the agsncy ias terrestrially effective coincident with the ob-
servation. It ia interesting, considering the large number of cases reported, that such s clear
assoeiation of floceular activity with magnetle disturbence is obtalned. Such activity represents
high probabllity of chromospheric eruption, a phenomenon which is Infrequently observed.

M tle actlvity following observationg of significant coronal intepsitien--It is generally sup-
posed that geomagnetic and ionospheric disturbencsa are of solar origln. Since the corona ia the
outermost obeervable region of ths Sun, the radlatlon must psas through it and may leave evidence
of the traverse. This may be a brightening ol the corona over the active region, a lengthening of
the coronal arc, or visible extension of the corona into space. There is, then, good posalbillty
that suitable obssrvations of the corona will identify the presenca of solar activity that may have
terrestrial effect. It may be nssumed that the eorona is yelatively stable such that cbservations
made at the east limb are rspresentetive of conditions when the pame area approaches the central
merldian- -about seven days later. Similarly the coronal observations ¢on the west limb may be
representetive of salar activity at the central meridian--about adven days esrller. Alternatively,
an active aolnr region may affect a large part of the Sun so that the corona at the iimb would be
representetivs of ¢onditiona on the vislble disk as well.

Daily observations of the corona made at ths Climax (Colorade) Statjon of the Harvard Collsgs
Observatory include maximum intenslty of the green coronal line {A 5303A) on efther 1imb. The
daya with absormal coronal intensities {more than 1.€ arblirary units July { to December 31, 1943,
and more than .0 arbitrary unlte January 1 in June 30, 1843) are ahown In Figure 9. Obeervations
are arranged on a 27-day (solar-rotetion-perlod) eycle. Significant east-limb obgervations are
shown by the shading of the top balf of each aquare. Significznt west-limb data referred back f4
days are shown by sbeding the lower half of each sguare. Blank spaces indicate a normal intenalty
or no chservation. Figure f0 shows the days In ths same interval that were magnetically dla-
turbed, also arranged in 27-day ¢ycles,

A comparison of Figure 9 with Figure {0 suggests a general relationship between the phe-
nomena. in each there are four ¢anspicuouxly xhaded arens, illystrating recurrences of high
coronal intensliies and of magnetic disturbances with repeated solar romtions. Further, the
shaded areaa In Flgure {0 ars systematically dispteced to the right of those in Figurs 9, suggesting
a small toterval between cbservation of an abnormal eaat-iimb corena and incidence of ths mag-
netic disturbance.

Abnormal coronal intensity on the east limb was observed oa 53 days between July 2, £942,
and June 7, 1643, Average magnetic character-figures werc computed for each of the two days
preceding and 14 days following the significant obssrvations. The deviation in per cent of this
average cheracter-figure from the mesan is shown in Flgure f1, which traces the averige course
of magnetic activity following observatlons of large east-limb coronal intensities. A disturbanes
begins the day alter the observation of intenss corona, reaches lts maximum on the third or fourth
day, and continues with decreasing intensity through the seventh day.

Since the average character-flgures are disproportionately affected by large magnetic
atorms, 1t 1s desirable to uae the occurrencr-frequency of disturbed days as an alternatlve mea-
sure of average magnetic activity. This will ccunteract the poapible dominating effeet of a small
mitoorlty of relatively large storms. Tha devlation of the frequency of cceurrence of “above-
average disturbed”” and of “‘slgnificantiy-disturbed’’ days from the mean oceurrence-frequency of
such days throughout the period is also shown in Flgure f1. The curves show a tendency for max-
imum disturbance to oceur on the fourth day, with disturbance greater than average over the entire

perlod from the second through the aeventh day.

Corant of high intensity 18 often observed for several daya in succession. Consequently, mag-
netie activity assoclated with periods of extended Intense corona wlll appear several times in the
above analysls. It is doubtful whether a period of magnetic disturbance laste proportlonately
longer when high coronal inteasity ia observed for many days in a row. Tharefore, when abnormal
intenalties were observed on consecuilve days, the day of maximum totensity was sslected and the
nbove procedure again followed. Figure f2 shows the average magnetie activity following 24 much
maxlmum east-1lmb coranal Intensitles. fn this case the graphs show a tendency for maximum
diaturbance to oceur on the third, fourth, and fifth days and the average dsgree of dlsturbance Is
greater than before,

Thia analysts suggeats that larga east-1imb coronal intensities are followed two to seven days
later by magnetic disturbances. The greatest likelihood of disturbance apparently 1s three, four,
and flve days alter maximum ¢oronal intenalty.

Waldmeier, at Zirich, has found that abnormal intensity of the corona could be assoclated
with msgnetic storms in ten out of fifteen cases of high intensity east-limb corona in 1940-41, and
thet the meventh and eighth days after the coronal observation were the most d)sturbed. This
would be expected if corpuseular emlgalon from the central zone of the Sun were responsible for
magnetle disturbence. It ia striking that no tendency is ahown in ths present anaiysis for mag-
netie digturbance te ocenr ssven and eight days alter the gbservation. Systematic coronal observa-
tions so fsr are insufficlent to formulate a definite relationship with magnetic activity but the in-
formation 1s finding useful application in the coordinated program.

A separate method for investigating solar-geomagnetic relationshlps has been developed by
W. O, Roberis of the Climax (Colorado) Station of the Harvard College Cbeervatory., This consists
of converting dally estimates of red and green coronzl intenslties to a linear seale and thea deter-
mining the total daily ehange in intenslty on both limbs without regard to sign. This becomes the
corona! ‘‘change-mumber’ for that day. Large changes were shawn to precede by about two days
the principal geomagnetic disturbences of the first half of the report-year. The methed bes not
been subjected to & stetistical analysis because obgervational matertel 13 not adequate. 1t demona
strates, however, another potentially valuable way of treating coronal date in the development of

solar-geomagnetic relationshipa.

poradic E-region lonization* and ai fade-out at College, Alagks--The general ionospberle
effecta chaerved durlng magnetle storms ars a reduction in erltical frequency and an increase In
absorption. fa capes of sevsre disturbances which are common in bigh latitydes, eonzplete aignal
fade-out or Intense aporadic E-region lonlzation are observed. The diurnal vartations of the fre-
quency of occurrence of sporadic E and of aignal fade-out are gimllar and are exactly out of phase,
In northern regions, st least, the summation of the two s, ir general, directiy related to magnetic
character, The nverage per cent of the time that these ionospherle phenomena weré observed nt
College, Alaska, In 1942 during each gradation of magneti¢ disturbance as measuced by the three-

hour)y K index is shown in Figure f3A.

The lowest degree of sporadic E-region lonization used in this analysis ecorresponds 1o a

penetration-frequency at vertical incldence of four Mc/sec. The frequency-range of signal fade-
outs lacluded In the analysis extended to the eritical frsquoncy of the E-layer and higher. Figure
13A shows that fade-outs and sporadic E becoms more frequent the larger the disturbance, al-
though the alope of the curve decreases for magnetie K-index greater than four.

#By sporadic E-region loniration wa refer to the blanketing {ype which often masks off other
lonospheric regions. This is characterized by a number of multiple reflections lqn‘llcattng’ ‘l high
reflection-coefficlent. ft should not be confulied with the weak and highly erratic “border’” re-
flections which are obeerved at frequsncies higher than the normal E- reginn penetration-{requen-
cles. The "bianketing” type is undoubtediy highly effective in redlo wave-propagation but the yse-
fulnass of the “’border’’ type Is considered in be questionable.
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Figure 138 shows that in daylight hours signal fade-outs were the common lonospheric effect
during magnetic dlsturbance. The maximum frequency of ocenrrence was fndicated at Index K = 4,
The curve for very large K-indices is dotled since too few observatlons are avaiizble te cstabllsh
1ts reality. Sporadic E-reglon ionlzstion ia reiatively rare during the day at Collcge and shows
no signtilcant relationship to magnetic cheracter. The daytlme relationship of signal fade-aut to
magnstic charscter is closely duplicated by sporadic E at night. Flgure 13C shows a maximum st
index K = 4 foiiowed by a light decline in uccurrence -frequescy of sporadic E during more dls-
turbed periods. Signal fade-aute in the night hours are infrequent even durlng periods of large
magnetic disturbance. Bome characteristics of the night absorptlon are discussed in next section.

Thia study Indicates that the two ionospheric phenomena- - intense sporadic E and signal fade-
out--are systematically assoclated with magnetic disturbance, night and day, respcctively. The
dlurpal differentiation may be atiributed either to a thermal change In the heights of equal molecular
dsnalty with conscquent production of lons In regions of Low msan frce path, or to a dtiferencc in
energy of the solar particiss bombarding ths day snd night hemispberes. Aa a practical result,
the analyais suggests that nsar the aurorel zone, at least, the probebility of abnormalcy In the
ionoapheric condltions reflected by sporadi¢ E-reglon lonization and high absorption 18 no smaller
for magnetic dlsturbancss with values of index K = 4 than for more severe disturbances,

A high degres of correlatlen at the College Observstory between occurrence of zenith-aurora
and Intenslty of sporadic E-regloo ionization was reported by Bramhall and Seaton. The correla-
tion-coefficient for the winter of 1942-43 ranged hetwcen 0.8 and 0.9, Of psrheps equal slgnificance,
the mean value of sporadic E-tegion critical frequency with vislblc zenith-aurora was almost twlce
that when no such aurora was observed. From the relatlonship betwecn sporadlic E and magnatic
activity discussed above, senlth-aurora in high latitudes appears to be an indicator both of iono-
spheric abnormallty and of magnetic disturbance.

olar radlo disturbances during magnetic heys*--Strong abzorption of radio waves assoclated
with complete disappearance of ali signals 18 often sncountered te polar regions. in particular
such radio blackouts are found ta cccur during magnetlc bays--typical magnetic digturbancss of
short duretion which are preceded and followed by generally undlsturbed magnetic conditions,
These bays arc very pronounced near the auroral zone although their magnetic effects extend to
equatortal reglons.

During every one of 89 significant magnetic bays recorded at College, Alaska, high ionospheric
absorption producing partlal te complete radlo blackoute was observed, The frequency of bays
sveraged eight a month and they usually ccturred between 101 and 16h GMT--night st College,
They {requeotiy ran in serles of two te five days, having a recurrencs-interval of close to 24 hours,

The similarlty of these blackouts to the well-known daylight fade-outs 1s marked. Both effects
appenr to be caused by absorption due to Intense ionlzation of the lower lonosphere, The absorption
during dzylight bas been identified by Dellinger as the result of bursts of sofar ultra-violet light
whils the polar blackouts, so prevalent during all magnetic disturbances, must result from particle
bombardment (or ¢quivaleat) from the Sun.

¥isual recorders of magnetic activity--The close relationships between magnetic and iono-

spheric diaturbances have indicated the need for a viaually recording magnetic variometer of slm-
pls conatruction. An instrument of thia type would permlt immediate ascessment of degree of dls-
torbance and an application of thc obaerved correspondence between lonospherlc and magnetic pha-
nomepna, cspecially when operated in high latltudes. The onset of a magnetic disturbance is usually
recognlzable from standard magnetic records before the storm bas reached its major phase. How-
ever, magnetic recordinga are made on photographic psper and the dally traces are not avatiable
for inspectlon until the paper hag been proceéssed. ‘This is generally too iate for immedlate appli-
cation of established relationships, A visual recording variometer would avercome thls difficulty
and make possible ghort-term evaluation of cxpected local ionospheric dlsturbances. Practical
use of the 24-hour recurrence-tendency of magnetic bayd te polar regions Is an example of ons
such pessibie application,

One type of vigual recorder |ncorporuting a spsrking devics to plot changes in the Earth’s
11¢ld was devlsed by M. L. Zlmmer and R H, Goff of thiz Department. A long platinum-tipped
pointer atteched to the magnet-system of the variometer moves over 4 metallic plate as the sug-
pended magnet deflects in the Earth’s field, At intervals of shout one minule a spark from the tlp .

#Abstracted from Special Report No. 1 of December 31, 1942, by A, W. Wells, under Con-
tracts OEMar-558, OEMsr-5984, and NXs-11605.
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of ths polnter to the metallic ptete makes 3 record on a Bheet continunusly moving through the
spark-gap. ‘Thus a suecession of poiete burnsd In the puper plote variation of the Barth's {leld

with time.

In a second method a photoelectric ceii is made to foiiow the light-beam rcflected from a
mitrror rigldiy fsstened to the suspended magnet of a variometer. A pen attached te, or syn-
ehronized with, the photoceli gives u record te {nk of the deflections of the varlometer., Any un-
balance of Light falling on a twin photocell results in & movemen) of the photocell to s new posltion
seeking a balance. When equsi amounts of iight fall on hoth sections of the photocell, the moving
pen stops until 2 change in magnetic field again csuscs an unbdiacce. This instrument hes at-
tractive remote-recording possibiiities. The soundness of princlple was demonstreted by an ex-
perimentai modei and further develop t is piated

Another type of visual recorder utilizes specisl photogrephic paper which leaves a trece, im-
mediately vislble through a red fiiter, of deflections of the light-beam from a standard varlometer.
A standard hydrographic recorder was adapted for uge with this equipment. One instryment was
complsted, tested, and sseigned for field-tasts shortly after the end of the report-year. A univsrsal
variometer of new type was designed by E, H. Vestine of this Department for thia visual recorder.

Summary of magneli¢c observations, College {Alaska) Obgervatory--Frequent reference has

besn made in this report to magnetic observaticns st ths College (Alaska) Observatory. These
data are of particuiar importance to correlations of solar, ger tic, and It pheric measure-
meuts hecauge of the location in the aonc of maximum disturbance. The msgnetic program was
canducted under 1 separate contrsct (NQrd-392) during the report-yesr and has been incorporated
gince July 1, 1049, in the combtoed project for looospherle, signal tetensity, magnetic, asd reteted
observationa signtilcant to analysis of radio wave-propagation.

The insensitive la Cour variomelers and standardization technique were described in “Report
on Coilege {Alaaka) Observatory, March, 1041, through June, 1842'', which waa submitted to the
National Defcnse Research Commitiee on August 15, 1041, Soale-values of the Instruments were
mateteined at 18.2 y /mm for horisonta} intensity (H), 26.5 y/mm for vertical intensity (Z}), snd
5!2/mm for declination (D}, All magnetograms wers currently scaled for varlatlons in H, Z, and
D, for the three-hour gamma-ranges, and for K-todlces, The labutetions were forwarded monthly
to Washington and summarles of the K-indices were reported weekly by telsgreph.

Mean three-hour gamma-ranges (upon which the K-indices arc besed) are shown for each
meonth In Flgurc 14A 8= bascd on Table 1. The aeasonal disturbence -vartation with peaks near the
cquinonsas 1s characteristle. The mean daily variatten of disturbence shown in Figure 14B dls-
plays the usual peek shortly before 121 GMT, corresponding to local magnetic midnight. The
pame dala for 1941-42 ars Inciuded for purposes of comparison, and an increase of ten per cent
in the mgsn yearly gamma-range in 1943-43 over 1941-42 is shown,

Average diurnal varlations in H, Z, and D 25 shown by the mean hourly departures from the
monthly meas are given to Tabies 2, 3, and 4. Figures 15 and 16 represent the msan diurnal var-
{ation te horizontsl intensity for each month, and for the yesr--both for all days and for qulet days.
Only horizontal inteosity is lilustrated hecause pertyrbations in that element are usvally greatest.
1n the mean for all days the diurnal-variation curves follow a regular pattern, the minimum he-
tween 02D and 03, 150° west meridten time, resulting from magnetic bays assceizted with in-
creased ionospheric abserption.

Preliminary mean values of the three magnetic slements sre given in Table § and Figure 17.
The most promtoent secular change is the decresse In east deciination amounting to about 2" per
year. There is sise a small increase In vertical intensity of about ten gammaa per year,

The general charscteristics of largs magnetic storms st Coliege were determtoed from a
study of the 15 sterms each having a dally range in H of appronimately 1000 gammas. In the leitial
phase a small Increase in H was usually accompanled by a small increase in Z. The main phaaea
of the storms were characterized by large increases in H with smalier and inconsistent changea in
Z. in the subsequeot recovcry-phese, Z returned to normal somewhat before H. Although theae
were the general tendenclss of large magnetle storms, the scatter of individual storms was large,
making uncertaln the prediction of the progress of any spectlic dlsturbance.
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Table 5--Prelininary monthly mean values of magnetic elements,
Collega, Aleska, July, 1942, to June, 1943

Elament

Horisontal Vartieal
intensity, H intanaity, 2 Deciination, D
41 Quiat A1l Quist
days days days days
T Y 2 E '
+53373 | «aaaas
+55319 | +55219
+55367 | +55357
+55367 | +53373
+55305 | +55975
+55360 | +55358

+55341 | 435347
+3532, | +33323
+55328 | +55335
+35356 | +553%9
+55313 | +55314
+55339 | +55350
+55343 | +55376
+55332 | +55339
+35301 | +35343
+55291 | +55301
+55378 | +55398
+55385 | +55383

+5538L
+55361
+55348
+35348
+53331
+55200

4.9
55.9
54.5
54.0
53.2
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33.2
54.7
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Fig. 1--Mount Wilson Obgervatory, showing dome of 80-inch reflector and 60-foot
and 150-foot tower telascopes
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Fig. 2--The United States Naval Observatory




Fig. 3--The McMath- Hulbert Observatory of the Univera
showing 50-foot and 70-foot tower teleacopes

Fig. 5--Recurrence-tendencles of magnetic activity in hali-days at 27-day Intervals

. iy

Fig. 4--Climax {Colorado) Station of llarvard College
Observatory, showing dome of coronograph




Flg. 6--American magnetic character-Iigure (C,), relative sunspot-number (R), spot-area in
central zone (S), floecular area In central zone (F), average Intal prominence-units referred
to central meridian of dats (P), average coronal inteneity referred to central meridian of date

{C), apd transmteslon-disturbance figures (TD), July 1, 1942, to July 10, 1943
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Fig. 7--Semi-annual averages of magnetlc index (u), relative
sunspot-number (R), 1830-43, and maximum critical fre-
quency of Fz-layer, 1936-43, at Huancayo, Peru

—

Fig. 8--Photograph of Sun on May 17, 1943, showing {iret spot in new
sunspot-cyele (lower left) and epot of old cycle (center)
[Cuurteey of United Statee Naval Observatory]




"'TII‘_lIH!Ir-ll-lllll

P - -
i e | il b Y
1

AT W sl SERE SRETE(P S
i bk Ef

T
-
=
E
¥
=
-4
=

i i |

ST DFT
| i

Fig. 15A--Average diurnal variation in horizontal intensity,

College, Alaska, July to December, 1942
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Fig. 15B--Average diurnal variation in horlzoatal intensity,
College, Alaska, January to June, 1943







Correlation of Solar and Geomm%tlc QObservations with Conditions of the Ionosph 30600
ere, Final Report on Project C-53, July, 1943 through June, 1943
Bhere, apiey Ko H.. Welle & W, » T ' )
Carnegle Inst. of Wash., Dept. of Terrestrial Magnetism (None)
Office of Scientific Research and Development, NDRC, Div 13 { CARD- 1868

Berpt "43 Restr. U.S. Eng. 25 photos, table, graphs

A study was made of the correlation of solar and geomagnetic observations with conditions of
the ionosphere, during July 1842 through June 1943, to gain information regarding solar, geo-
magnetic, and fonospheric relationships and to improve the technigue of short-term fore-
casting of lonospheric disterbances, Electron-density of the lonospheric regions affecting
long-distance radio communjcation diminished as the minimum of the 11-yeak cycle of activ-
ity approached. Solar corona of high intensity, and observed activity of floccull on the disk
were found apparently the most promising criteria for anticipation of magnetic disturbances.
The beginning of the new sunspot-cycle indicates an early increase of eolar, magnetic, and

jonospheric activijy.

Coples of this report obtainable from Air Documents Division; Attn: MCIDXD
Electronics (3) Electromagnetic disturbances (31507. 14);
Btatic and Inter{ference (4) Wave propagation, Ionospheric (97908.5)
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